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Children with autism spectrum disorder (ASD) have deficits that affect their social relationships, communication,
and flexibility in reasoning. There are different types of treatment (pharmacological, educational, psychological, and
rehabilitative). Currently, one way to address this problem is by using robotic systems to address the abilities that

are altered in these children.
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| 1. Introduction

According to the World Health Organisation (WHO), it is estimated that 1 in 160 children has autism spectrum
disorder (ASD) W, but other studies suggest that this figure is even higher, reaching up to 1 per 100 children 2.
This estimate represents an average figure, as the observed prevalence varies considerably between studies @,
Furthermore, Yang et al. B! studied different databases to conduct a sociodemographic study and observed that
there was a high age-standardised prevalence of ASD in the under-5 subgroup, in the subgroup of high
sociodemographic index (SDI), and in the subgroup of high-income North America, respectively. Each subgroup is
a smaller group represented by a common characteristic. In the case of the under-5 group, all patients are under
five years of age; the North American group only comprises autistic people from that area; and the high-SDI group
comprises autistic people who live in areas with a favourable socio-economic level and relatively good access to
resources and services, that is, they live in families with relatively high levels of income and education. There are
many possible explanations for this apparent increase in prevalence, including increased awareness, expanded
diagnostic criteria, better diagnostic tools, and improved communication 23],

Autism is a complex developmental disorder that manifests itself in behaviours at the level of social and
communicative interaction. Currently, through early care techniques and therapy during the first years of life,
people with autism can achieve an autonomous life . Therefore, ASD is a significant challenge in public health
and developmental psychology, which affects an increasing number of children around the world. Children with
ASD have a wide range of symptoms and needs, from difficulties in communication and social interaction to
repetitive patterns of behaviour . As the incidence of ASD continues to increase, it has become imperative to
develop effective and accessible interventions that can improve the quality of life of these children and their
families. In this context, robot-assisted therapies have emerged as a promising frontier in the care and treatment
support of autistic children. The convergence of advanced technologies, such as robotics, artificial intelligence, and
developmental psychology, has enabled the creation of specially designed robots to interact with children with

ASD, which are robots that possess unique characteristics that make them ideal for these interventions 2. They
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can offer repeatable and predictable interactions, which is especially beneficial for children who often find social
situations unpredictable and overwhelming. In addition, these robots can adapt to the individual needs of the
children, thus personalising therapy effectively and efficiently. They also eliminate the fear of social criticism often

experienced by autistic children, creating a more comfortable and safe learning environment.

The research of various authors converges on specific thematic areas, reflecting the diversity and richness of
investigations on the use of robots for children with ASD. In the field of robot-assisted intervention development,
refs. BIIEBIRIIONLL aqdress the need for personalised interventions. From attention assessment to influencing gaze

and joint attention, these authors seek to provide long-term therapies in home environments.

The application of machine learning and deep learning, subfields of artificial intelligence that focus on developing
algorithms and models capable of learning patterns and performing specific tasks without the need to be explicitly
programmed, in ASD classification and robotic therapies is a shared concern for researchers [12I13I[14]15][16] Thege
works focus on the use of advanced algorithms and techniques to improve diagnostic accuracy and gain a better
understanding of the patterns associated with the disorder. Another use, also related to this field, is Mihalache et
al.’s 17 research on gaze perception in children with ASD that sheds light on how head and pupil rotations in 2D

and 3D impact typical development and the effects of the disorder.

The implementation of robots in assisted therapy and rehabilitation for children with ASD is a prominent research
area for authors such as [18I[191[20][21][22][23[24][25][26][27][28] These researchers explore everything from robot

autonomy in non-invasive therapies to programming for specific skill improvements. Some authors better describe
how therapy was focused or what its approach was, as in the case of [22 focussing on the development of a robotic
music therapy platform, demonstrating the innovative application of non-conventional interventions, or BBl ysing
social stories to promote social communication in children with ASD, using a humanoid robot to contribute to

improving communication skills and social interaction.

Designing social robots and emotional communication are central points for authors, such as [B232][331[34][35][36](37]
[38I39]  Their work focuses on developing robots with social and emotional abilities to achieve effective
communication with autistic children. Redesigns or improvements of robots with other uses were also found, as in
the case of 4% where an existing robot used as a commercial toy was modified for use as a therapy robot by

adding the necessary software and hardware.

Other studies performed reviews, although they were not systematic reviews focusing solely on the use of robots at
early ages for autistic children. Some of these articles were mainly aimed at showing the robots used in the articles

(41 and others had samples with children of non-early ages, adolescents, or adults 24,

Finally, articles were found that did not perform robotic therapy but provided advanced insights into the
technologies used (algorithms) in therapies for autistic children from different articles 2, the ethical and social
aspects of robot-assisted therapy 43, and the socio-emotional outcomes of robot-assisted therapy ¥4l providing

valuable information on the expectations and ethical acceptability of this new form of intervention.
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| 2. Assistant Robots

Social assistant robots (SARs) are robotic devices designed to provide support, companionship, and assistance to
people in various environments, especially those who may need special care or additional companionship. These
robots are designed to perform a variety of tasks and functions that aim to improve the quality of life of people,
especially those who face physical, emotional, or cognitive challenges #%. Some of the typical functions of these
robots are companionship to reduce loneliness and isolation, physical care, medication reminders and follow-up,

therapy and entertainment, assistance in daily living or communication.

Of the functions of SARs, only the functions of the robot have been taken into account within therapies and
training, which are often used in occupational therapy, play therapy, and entertainment activities. SARs can vary in
size and complexity, from small, simple devices to more advanced robots with artificial intelligence capabilities and
sensors that allow them to adapt to the needs and preferences of people they help. They aim to improve the quality
of life of people, promote autonomy, and reduce the burden on caregivers and family members in long-term care
situations. Figure 1 shows the different robots used in the selected papers. In the following, these robots are

described in the context of the papers in which they are used.

(d) (e)

Figure 1. Assistant robots—assistants described in the research: (a) Probo BZ: (b) KASPAR 43I (c) NAO 18 (d)
RoboParrot 49: (e) Charlie B8l; (f) Cozmo 47,

2.1. Probo
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The robot Probo (Figure 1a) has a fully actuated head capable of displaying facial expressions, which means that
the robot can be used to express emotions with 20 degrees of freedom (DOF) in his face. In the study by Pop et al.
(371 the robot is always controlled by an operator in a Wizard of Oz-like configuration, allowing an instant adaptation
to unexpected behaviours—reactions of the participants. The Wizard of Oz experiment is a technique used in the
field of human—computer interaction, in which subjects interact with a computer system they believe to be
independent but which is actually controlled completely or partly by a human being “8. This means that the robot
does not act autonomously; that is, it does not make decisions on its own to direct the therapy, because it is
controlled by a person with a PC or tablet. In Pop et al. B4, a lip synchronisation module allows the lips to move
according to the voice, which consists of a pre-recorded neutral male voice. In addition, it has a soft and huggable

touch, looks like a stuffed elephant, and is easy to wear.

2.2. KASPAR

KASPAR (Figure 1b), as described in 42 is a 60 cm tall minimally expressive humanoid robot, developed by
researchers from the Adaptive Systems Research Group at the University of Hertfordshire, which sits in a seated
position (like a child). It has been used to study various forms of human-robot interaction and communicates
primarily with people through gestures, facial expressions, and speech (playing back pre-recorded messages). The
robot has 14 degrees of freedom (8 DOF in the head—neck and 6 in the arms). The face is a silicone rubber mask
supported by an aluminium frame. It has 2 DOF in the eyes, eyelids that can open and close, and a mouth capable

of opening and smiling.

2.3. NAO

NAO (Figure 1c) is a humanoid robot developed by Aldebaran Robotics, France, 58 cm tall and 5 kg heavy with 25
degrees of freedom. NAO moves with agility, with an inertial navigation device to maintain stability, and can detect
and avoid obstacles using two pairs of ultrasonic transmitters and receivers, which enable precise movement. NAO
is balanced by four pressure sensors that control the corresponding centre of pressure on each foot. It has four
speakers and a speech recognition and analysis system, which allow it to listen, speak, and perform spatial
acoustic positioning, and two high-definition CMOS cameras that enable forward vision; such powerful hardware

endows NAO with a high degree of artificial intelligence 42,

2.4. RoboParrot

RoboParrot (Figure 1d) is based on a Hasbro Toy Company toy, modified and with some hardware added to
control the robot. According to the investigation by Dehkordi et al. 9, this hardware provides the communication
between the robot and the computer. The RoboParrot robot is composed of various sensors, mechanisms, and
software that allow it to interact with children and perform assessments for autism. It has sensors such as a
microphone, infrared (IR) sensor, and Hall effect sensor in the beak, which allows the robot to detect the proximity
of a hand on its head and beak. To perform movements, the robot has two main mechanical motors that control the

movement of the body and head of the robot, where the body motor controls the movement of the wings, legs, and

https://encyclopedia.pub/entry/56089 4/12



Assisted Robots in Therapies for Children | Encyclopedia.pub

neck, and the head motor controls the movements of the eyes and the beak of the RoboParrot. All motors and

sensors are monitored through this controller.

To interact with children, the robot is able to close and open its eyelids, beak, and wings. It can also move its body
in three directions and its neck forward and backward or left and right, as well as using the speaker to make
sounds and the microphone to pick up sounds. The study by Dehkordi et al. ¥9 developed a Graphical User
Interface (GUI) module that provides tools for an operator to control the robot and a voice modulation module that
filters and changes the operator’s voice so that it more closely resembles the voice of a parrot. The control system
and user interface have been designed so that the operator can see an autistic child through the camera and

interact with him/her verbally or by moving the robot.

2.5. Charlie

Charlie (Figure 1e) is the robot used by Boccanfuso et al. 8. The robot's hardware includes six servos, three
pan—tilt platforms, an eight-channel servo controller, a consumer-grade webcam, and a lithium-polymer battery.
The arms and head are mounted on a pan-tilt platform using large metal snap fasteners, with each platform
controlled by two servos. The resulting two degrees of freedom in the robot's arms allow a wide range of hand
poses, while the two degrees of freedom in the head allow the robot to effectively track the face of each participant.
The fundamental structure of the robot has a kinematically simplistic design with few degrees of freedom. This
hardware setup allows the robot to imitate a wide range of hand poses, effectively track the face of each
participant, and perform autonomous hand/arm motions during interactive play. Additionally, the robot’'s body is
padded for safety, covered with a nonthreatening fur-like material, and equipped with LEDs in the hands for
positive feedback and a speaker for auditory instructions and positive feedback. The main role that it plays is free
play in the early social development of the child, for which it has integrated detachable arms and head, as well as a
base that can be attached to a table. The robot's appearance resembles a toy to attract the attention of young

children with ASD and to avoid, as far as possible, being intimidating.

2.6. Cozmo

Cozmo (Figure 1f) is a robot, powered by a smartphone app, used in therapy for children with ASD. This robot is
shaped like a crane truck, which is attractive for children. It can be moved by wheels and has sensors to detect
commands, which implies the presence of hardware components capable of detecting specific input signals or
patterns (instrument that detects and measures physical properties) and associated software to interpret these
signals as user commands. Taking advantage of these characteristics, Davide et al. 28 work with a series of

interactive cubes that can be used in different ways in therapies for children with ASD.

| 3. Therapies and Activities

3.1. Social Stories
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Social stories (SS) are short and educational stories for children. These stories show realistic pictures that are
intended to help an autistic child better understand and/or navigate his world B, For this type of therapy, it is
essential that the robot can emit sound, i.e., it has a loudspeaker. In addition, it is also useful to accompany the
voice with images or pictograms, which can be obtained from a tablet or printed on paper. Given the characteristics
of all the robots, Probo is the robot best suited to this type of activity, as it has a loudspeaker to tell the story, a
tablet to reproduce images, and can make gestures to capture the child’s attention. Other robots such as KASPAR

or NAO can also be used, but an external tablet must be added.

This type of therapy starts with an introduction; in the case of the study by Davide et al. 47, it starts with “The story
starts now” or “Let’s listen to the story”, etc. Then, taking into account the child’s attention, three global questions
are asked immediately after the end of the story. Then, Probo, the robot, creates the experimental task by giving
the necessary clues to the participant from the story. Afterward, the task clues are put into practice in a natural and
appropriate everyday environment, offering help to the child to give the correct answers. Finally, feedback is given
to the child.

3.2. Imitation Gesture

A variant of social stories is the imitation gesture. This type of therapy uses a robot to try to get children to imitate
his gestures. It is a very complex therapy and requires robots with a high number of degrees of freedom, because it
is necessary to be able to reproduce the gesture as well as possible. Robots that are best suited to this type of
therapy are NAO and KASPAR, as they have a great capacity to reproduce gestures by means of their joints (arm,
neck, etc.). In the case of NAO, a wide range of movements can be achieved; not only movements with the torso
and arms, but also movements with the lower limbs; this robot, in addition to performing gestures, can be

programmed to provide feedback and motivate the child, thus maintaining the child’s attention in a better way.

In 28] the authors implemented 20 commonly used gestures in daily life. In this case, a virtual robot is used, not a
physical robot, a computer simulation model that mimics the behaviour of the NAO robot. These gestures are used
in everyday life as a greeting or to show emotions. In addition, audio clips are added that describe each gesture. In
each of the clips, the gesture and the corresponding speech start at the same time. In this way, the children are

able to watch videos of gestures while listening to the audio clips.

3.3. Games Therapies

This therapy uses structured play to promote social, emotional, and cognitive development. Play therapists work on
social interaction, imagination, and creativity. Throughout the review, many structured games were observed to
work in different areas, such as memory, social skills or patience, objects or living beings, colours, etc. 21, Some of
these structured game therapies, such as series games, although simple, manage to work in several areas, where

the child works to understand basic concepts and overcome rigidity (difficulty in following orders) 221,

In this case, a minimum requirement is that the robot can reproduce sound (to give the commands). But to perform

the therapy dynamically and to keep the child’s attention, feedback is necessary. Moreover, as there is a great
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variety of structured games, the necessary capabilities of each robot vary, from only needing sound to needing

LEDs, movements, image capturing, etc., with NAO being the most complete robot in this sense.

Various studies use this kind of therapy, such as Wainer et al. 48 where players faced each other during each
session, and to play the video game cooperatively on the horizontal screen, players had to synchronise and
coordinate their actions properly; the game did not register the actions of a single player if they were not performed

at the same time and in the same way as those of the other player 21,

3.4. Joint Attention

In this type of therapy, children attend to the same thing and they are mutually aware they are doing so, responding
to questions. For autism, it is very difficult for children to do it because they lose interest quickly. Joint attention is
the focus of many early intervention studies on autism. Collaborative attention refers to the development of a style
of attention that involves cooperation and collaboration with others, as well as the development of specific skills
that involve sharing ideas with others. This involves the development of skills such as pointing and showing objects

and establishing a relationship between people 531,

As in games therapies, this type of therapy is very varied. Mainly, the voice or sound of the robot is required to
capture the child’s attention, but any type of stimulus can be introduced (sound, image, gesture, lights, etc.);
depending on the level of autism, several could be introduced at the same time. However, any of the previously
described robots could be used, taking into account how we want to focus the therapy. It is also important to
consider that, for this kind of therapy, NAO, KASPAR, and Cozmo are the robots with the best characteristics.

Some studies propose a simple task based on instruction, response, and consequence, such as David et al. 48],
Other articles used a complex system that includes a humanoid robot that provides joint attention signals. For
example, in 24!, a humanoid robot, two target monitors that could be activated contingently when children looked at
them, an attention-tracking subsystem consisting of four spatially distributed cameras, and a controller of these

elements reporting results and responding in real time, are used to work with this type of therapy.

3.5. Learning Distrust and Deception

This activity or set of activities is very complex. They are included in social skills therapies. It is about teaching
children to be wary of possible situations where they can be fooled. For this, it is necessary that children learn to
identify deception. It is reasonable to expect children to gain confidence (acquire the skill of distrust and deception),
because their ability to understand their environment increases with age. This expansion shows people who have
nothing good to say about children or who do not want children. A trust option helps children avoid being misled by
information from those people and also ensures that they receive authentic information that meets their
developmental and life needs 55,

Zhang et al. 28 show that children with ADS can learn, through activities with the humanoid robot NAO, the distrust

tasks. The tasks of mistrust and deception require a deep understanding and manipulation of the mental states of
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others B3, Children typically learn these rules through interpersonal interactions and by interpreting various verbal
and non-verbal social cues from past experiences 8. Overcoming these tasks involves the ability to perceive
relativity and cope with more advanced and complex information, ultimately leading to the development of cognitive
skills and social understanding. This type of therapy is hardly ever developed with robots, as it is very complex. In
these studies, NAO was used because it is a humanoid robot (with a human-like appearance) and can perform

complete movements and reproduce sound [28],
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